Character and Setting
The High Rock Canyon Wilderness Study Area (CA-020-913B) is situated in the transition zone between the Basin and Range and Columbia Plateau physiographic provinces. The Basin and Range Province is an extensive semi-arid to arid tract of subparallel, north-trending en echelon mountain ranges and intervening valleys. The Columbia Plateau Province is a high dissected plateau composed mostly of Tertiary volcanic rocks. The 11,980-acre study area, located in the Calico Mountains, eastern Washoe County, Nev., 40 mi north of Gerlach and 25 mi south-southeast of Vya, comprises a 1-to 2-mile-wide strip along the southwestern rim of High Rock Canyon ( fig. 1 ). Elevations range from 5,000 ft at the canyon bottom to over 6,000 ft on the canyon rim. The canyon walls are steep and subparallel to the regional tectonic structure. The area is underlain by a sequence of Tertiary rhyolitic to dacitic ash-flow tuffs and flows (see Geologic time chart in appendixes for age definitions). Two major sets of faults that trend northwest and northeast occur within the study area.
Identified Resources
There are no identified resources within or adjacent to the study area. However, altered tuffs in the Yellow Rock Canyon area ( fig. 2 ) contain as much as 80 percent 
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clinoptilolite (zeolite). These clinoptilolite deposits are not currently classified as a resource by the U.S. Bureau of Mines. Four mining districts are located near the study area; the Leadville silver district, approximately 20 mi south of the study area; the Lone Pine mercury-gold district, approximately 35 mi north-northeast of High Rock Canyon; and the Leonard Creek and Varyville gold mining districts, approximately 30 mi northeast of the study area. In addition, small perlite, diatomite, and uranium prospects are found 10 to 20 mi southwest of the study area.
Mineral Resource Potential
The Calico Mountains are part of a regional area that is characterized by extensive exposures of Tertiary volcanic rocks that are locally hydrothermally altered and silicified. In this region, hydrothermally altered rocks may host deposits of precious metals (gold and silver) and industrial minerals. In the Yellow Rock Canyon vicinity of the study area there is a high mineral resource potential for zeolite, in the form of clinoptilolite, and a moderate resource potential for epithermal-type gold, silver, and mercury deposits ( fig. 2 ). There is also a moderate resource potential for epithermal-type gold, silver, and mercury deposits and a low resource potential for zeolite near the southern tip of the study area. In addition, there is a low resource potential for uranium, lithium, geothermal, oil, and gas resources throughout the entire study area.
potential and certainty of assessment and for the resource/ reserve classification.
The climate is semiarid to arid, dominated by continental tropical air masses in summer and continental polar air masses in winter, typical of a middle-latitude desert climate (Sthraler, 1969, and Houghton and others, 1975) . Annual temperatures range from less than -4 °F in winter to more than 100 °F during the summer. Daily summer temperature changes frequently exceed 50 °F. Precipitation ranges from 5 to 15 in. annually, mostly as snow and winter rain. During summer, relative humidity averages about 20 percent but may fall to 10 percent.
Several varieties of sagebrushes and grasses cover most of the area. Willow, cottonwood, and aspen occur along drainages.
Wildlife in the area includes pronghorn antelope, deer, coyote, bobcat, mountain lion, and a variety of smaller mammals. Feral horses and burros are also abundant. The avian population varies seasonally in numbers and species.
Most parts of the study area are accessible via unimproved roads from Nevada State Highway 34. The study area can also be accessed from the north via Nevada S tate Road 8 A. These roads pass through High Rock Canyon along the northeast boundary of the study area, following the historic Lassen-Applegate Trail of the mid-1800's. An unimproved road borders the southwest part of the study area. However, these roads are subject to periodic washouts and in places may only be passable to high-clearance four-wheel-drive vehicles.
INTRODUCTION
The High Rock Canyon Wilderness Study Area, (CA-020-913B) comprises approximately 11,980 acres in the Calico Mountains, eastern Washoe County, Nev. A mineral resource survey of the study area was conducted in the spring of 1985. This mineral survey was requested by the U.S. Bureau of Land Management (BLM) and is a joint effort by the U.S. Geological Survey (USGS) and U.S. Bureau of Mines (USBM).
Identified resources and known mineralized areas are evaluated by the USBM by collecting data on current and past mining activities and through field examination of known mines, prospects, claims, and mineralized areas. Identified resources are classified according to the system described by U.S. Bureau of Mines and U.S. Geological Survey (1980) .
Studies by the USGS are designed to provide a reasonable scientific basis to assess the potential for undiscovered mineral resources within the wilderness study area. Field mapping of geologic units and structures, geochemical sampling, and geophysical studies were performed to provide the necessary data to evaluate, with respect to known ore-deposit models, the mineral resource potential of the study area. Mineral assessment methodology and terminology as they apply to these surveys are given in Goudarzi (1984) . See appendixes for the definition of levels of mineral resource
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Methods and Scope of Investigation U. S. Bureau of Mines personnel gathered data concerning mines, claims, prospects, and mineralized areas from BLM records, published literature, USBM files and production records, and county mining records. Field work was conducted during June and July 1985 and consisted of ground and helicopter reconnaissance and an examination of all known claims and prospects in or near the study area.
Twenty-six lode samples and seven placer samples were collected within or adjacent to the study area and analyzed for gold, silver, and numerous metallic elements. In addition, samples were measured for radioactivity and fluorescence. Quantitative concentrations of gold and silver were determined by fire assay; concentrations for other elements were determined by atomic absorption or inductively coupled plasma analysis. In addition, at least one sample from each prospect, claim, or mineralized area was analyzed for 40 elements by semiquantitative spectrographic methods (including antimony, barium, cadmium, cobalt, chromium, copper, gold, iron, lead, lithium, magnesium, manganese, molybdenum, nickel, platinum, silver, tin, titanium, vanadium, and zinc). Samples of altered tuffaceous sediments were examined microscopically and by X-ray diffraction for clay and zeolite minerals. The results of these analyses are summarized in Scott (1987) . Additional information concerning the study area and copies of the Mineral Land Assessment report are available from the U.S. Bureau of Mines, Western Field Operations Center, E. 360 Third Avenue, Spokane, WA 99202.
Major mining companies were exploring (1984) for disseminated gold-silver-mercury deposits north, south, and west of the area. Forty-four gold-silver-mercury claims (GRE claims) were maintained by Tennecoin 1984. Mercury occurs in cinnabar in massive opal and opalized breccia. Concentrations of mercury from two samples were 120.0 and 330.0ppm. Concentrations of gold and silver were low; however, similarities between geologic features in the study area and those associated with known disseminated gold, silver,and mercury deposits indicate company interest may continue near and into the northwest part of the area.
History of Mining and Mineral Exploration
No mining districts, current claims, oil, gas, or geothermal leases or production are known in the area.
In 1911, six placer claims were located in High Rock Canyon (adjacent to east edge of area) from the confluence of Mahogany Creek and extending north for about 1 mi. Seven placer samples collected from these abandoned placer claims contained gold values ranging from zero to $0.06 per cubic yard (gold valued at $400/troy ounce).
One prospect trench in the southeast part of the study area is about 50 ft long, 12 ft wide, and 6 ft deep. The trench is along a fault zone that strikes N. 65° E. and dips vertically in ash-flow tuff. The zone is filled with green, fractured, and opalized breccia, averages 35 ft thick, and crops out discontinuouslyforatleast200ft. Six samples were taken. Three chip samples of opalized breccia contained no detectable gold, silver, arsenic, or mercury, and one sample of opal contained no gold, silver, or mercury and 72.0 ppm arsenic. Two random samples of ash-flow tuff contained 50.0 and 56.0 percent zeolite (clinoptilolite).
Zeolites occur in varying concentrations in ash-flow tuff in Yellow Rock Canyon and lower Mahogany Creek. Within the study area, seven samples of ash-flow tuff contained from 50 to 65 percent clinoptilolite. Two samples of discolored ash-flow tuff, adjacent to the area, contained 65.0 and 80.0 percent clinoptilolite. The basal part of the ash-flow tuff was not exposed; therefore, thickness of the tuff is unknown. In the study area, ash-flow tuff outcrops are several hundred feet thick and occur discontinuously in an area of about 6 square miles. Several hundred million tons of ashflow tuff occur in the area, and zeolites were found at several locations. Reconnaissance samples of ash-flow tuff were random and less than 50 ft in length.
Near Grassy Canyon, a 3.5-ft-thick fracture in basalt is filled with brown cryptocrystalline quartz and fractured and dark-colored opal. The samples contained no detectable gold or silver.
About 4 mi west from the area are 28 opal claims known as the SPDY claims. Fractures in ash-flow tuff are filled with massive white-to-green opal. The opal is fractured and massive and not of gem quality.
Identified Resources
No mineral resources were identified in or adjacent to the High Rock Canyon study area.
Massive opal, opalized breccia, ash-flow tuff, and mercury in opal exist in several known disseminated gold, silver, and mercury deposits. These geologic conditions occur in and near the north, south, and west parts of the area. Bureau of Mines samples adjacent to the northwest part of the area indicated as much as 120.00 and 330.0 ppm mercury in opal and opalized breccia. Although no resources were identified, continued mining company exploration near the area, especially in or near the north, south, and west parts of the area, is expected.
Zeolite resources were not estimated because of
(1) low concentrations of sampled zeolite, (2) unknown areal extent of zeolite-bearing tuff, (3) unknown thickness of zeolite-bearing tuff, (4) incomplete identification of zeolite-bearing tuff outcrops, (5) current low market demand for zeolite, (6) difficulty in field identification of zeolite-bearing tuffs, and (7) absence of proximal mills.
Further exploration may define the extent and concentration of zeolites in tuff; however, because adequate deposits of higher and more consistent grade are proximal to existing mills and because market demands for zeolites are low, interest by mining companies should be minor now and in the foreseeable future.
Opal in the study area is massive, dark colored, and fractured and therefore not of gem quality. Future interest by gem collectors for opal should be minor.
Placer-gold exploration is not expected due to very low concentrations of gold in the alluvium sampled.
Sand and gravel occur in small amounts sporadically in the area. Because sand and gravel outside the area are adequate for present market demands, sand and gravel in the area do not constitute a resource. 
Geology
The High Rock Canyon Wilderness Study Area is underlain by Tertiary volcanic flows and volcaniclastic sediments ( fig. 2) . Although the basal contact of the Tertiary section is not exposed, local relief indicates that the volcanic section is more than 1,000 ft thick. The major fault trends within the study area, northwest and northeast, are typical of this part of the Basin and Range Province.
The oldest geologic unit exposed in the study area has been called the Canon Rhyelite of Merriam (1910) by Bonham (1969) . This unit, composed of rhyolite flows, domes, and subordinate intercalated pyroclastic deposits, is Miocene in age. Potassium-argon (K-Ar) ages of 15 Ma (million years ago) are reported in Noble and others (1970) and Harvey and others (1986) . Commonly, the unit is light purplish gray to reddish brown, microcrystalline to finegrained rock containing fractured phenocrysts of alkali feldspar, quartz, and rare euhedral to subhedral biotite and alkali amphibole. Flow banding, flow foliations, and ramp structures are common features of the Canon Rhyolite. The rocks are peralkaline in composition, as are most rhyolitic tuffs and lavas of middle Miocene age in the region (Noble and others, 1968; Noble and others, 1970; Korringa, 1973; Bonham, 1969; and Harvey and others, 1986) .
Interbedded with and unconformably overlying the Canon Rhyolite is a sequence of ash-flow tuffs, tuffaceous sediments, and dacitic to andesitic flow rocks informally referred to as the High Rock sequence by Bonham (1969) . This unit has been subdivided into two subunits within the study area: a gray-green tuffaceous sedimentary unit that consists primarily of air-fall tuff, and a unit consisting of dacitic to andesitic flow rocks. Dacite-andesite flows are interbedded with the tuffaceous sedimentary rocks. Locally, the High Rock sequence contains welded air-fall tuff, ashflow tuff, and water-worked tuffaceous sediments.
Two known mining districts near the study area have similar geologic environments. The Leadville District, approximately 20 mi south of the study area, is the largest producer of lead and silver in Washoe County. Production started in 1910 and continued intermittently until 1928 (Bonham, 1969) . The Hog Ranch mine, located near the Leadville District began production in October 1986. Estimated reserves of approximately 5 million tons of heapleachable gold ore have been reported (Anonymous, 1986) .
The Lone Pine District is approximately 35 mi northnortheast of High Rock Canyon. Gold and silver prospecting occurred there between 1897 and 1909, although no gold or silver production was reported. However, mercury was discovered in 1929, and a small amount was produced. The district has been idle since 1955 (Tuchek and others, 1984) .
Small perlite, diatomite, and uranium prospects are present 10 to 20 mi southwest of the study area. For a complete discussion of the surrounding mining districts in Washoe County and Humboldt County, see Bonham (1969) and Willden (1964) , respectively.
Geochemistry
As part of a reconnaissance geochemical survey of the High Rock Canyon Wilderness Study Area, 69 stream-sediment samples were collected, of which 24 are from within the study area. The minus-80-mesh-size fraction of stream-sediment and heavy-mineral-concentrate samples were collected from alluvium in stream channels. A complete description of the sampling and analytical techniques is given in Adrian and others (1987) .
Geochemical samples were analyzed for 31 elements by six-step semiquantitative emission-spectrographic methods (Myers and others, 1961 and Grimes and Marranzino, 1968) . Additional analyses were by atomic-absorption spectroscopy and inductively coupled argon-plasma atomic-emission spectroscopy. These analytical data are used to identify drainages that have anomalously high concentrations of metallic elements. Geochemical concentrations are considered anomalous if they are greater than one standard deviation above mean background values.
Some of the stream-sediment samples from the Yellow Rock Canyon drainage are anomalous in arsenic, antimony, mercury, and cadmium. In addition, some of the heavymineral concentrates from the study area show anomalous concentrations of arsenic, antimony, and mercury; one sample contained detectable gold. Geochemical anomalies of arsenic, antimony, mercury, and cadmium are often associated with volcanic-hosted epithermal-type gold-silver deposits (Berger, 1986) and may suggest mineral resource potential.
Geophysics
Geophysical data used in the evaluation of the mineral resource potential consist of aerial gamma-ray spectroscopy, aeromagnetic, and gravity surveys.
Gamma-ray Spectroscopy
Radiometric data for the area were compiled by Geodata International Incorporated (1979) for the Department of Energy National Uranium Resource Evaluation (NURE) program. The gamma-ray flux survey consists of three eastwest flightlines on 3-mi centers at an altitude of 300 to 700 ft above mean ground level. Gamma-ray fluxes from the radioactive isotopes of uranium, thorium, and potassium were recorded for the gamma-ray flux survey.
Gamma-ray flux levels for potassium, uranium, and thorium in the study area are about the same as in the surrounding terrain. The gamma-ray flux levels for uranium and thorium are slightly higher along the northern flight line, which was flown over late Miocene sedimentary rocks, approximately 2 mi south of the northern boundary of the study area. Uranium anomalies have been reported from fractured pieces of petrified wood found in these sediments (Garside, 1973) . Uranium minerals in Tertiary sedimentary rocks often occur as encrustations or disseminated flakes along bedding planes or iron-stained fractures (Garside, 1973) . These radiometric data do not indicate significant uranium or thorium occurrences.
Aeromagnetic Survey
An aeromagnetic survey was conducted as part of the mineral resource evaluation of the study area (U. S. Geological Survey, 1985) . North-south flight lines, spaced at 0.5-mi centers, were flown at an altitude of about 1,000 ft above mean ground level.
Five roughly circular magnetic lows 1 to 2 mi in diameter are scattered throughout and along the southeast boundary of the study area. An inverse correlation between magnetic anomalies and topography indicates that source rocks for the magnetic lows are reversely magnetized and are at or near the surface. For example, magnetic lows overlie hilltops and magnetic highs commonly overlie canyons. However, one conspicuous magnetic low overlies an area of rhyolitic intrusives exposed in the Yellow Rock Canyon area. This magnetic low probably defines a Tertiary intrusive complex.
Gravity Survey
The wilderness study area is located along the southwestern flank of a conspicuous gravity low centered approximately 3 to 4 mi northeast of the study area ( fig. 3 ). The gravity low is the southernmost part of a regional gravity low approximately 12 by 30 mi in size. Plouff (1984) interpreted this gravity low as a buried caldera. Presumably, the gravity low is present because of the accumulation of relatively lowdensity tuffaceous sedimentary rocks within the caldera depression.
Mineral Resource Potential
The mineral resource potential for the High Rock Wilderness Study Area is classified using the system of Taylor and Steven (1983) , Taylor and others (1984); and Goudarzi (1984) . See appendixes for the definition of levels of mineral resource potential and certainty of assessment and for the resource/reserve classification.
A large volume of altered (zeolitized) tuff occurs in the Yellow Rock Canyon area. These altered tuffs contain as much as 80 percent zeolite (clinoptilolite). The basal part of the ash-flow tuff was not exposed; therefore, thickness of the tuff is unknown. In the study area, however, the zeolitebearing ash-flow tuff outcrops are as much as 400 ft thick and occur discontinuously in an area of about 6 mi2. This indicates that several hundred million tons of ash-flow tuff occur in the Yellow Rock Canyon area. On the basis of these data, surface relief, and aerial extent of the zeolite-bearing material in the Yellow Rock Canyon area, there is a high resource potential, certainty level D, for approximately 13 million to 1.3 billion yd3 of zeolite-bearing material (clinoptilolite) at a grade of approximately 50 to 80 percent clinoptilolite in the study area. An exchange capability of 1.2 milliequi valents/gram has been reported for zeolite occurrences in the High Rock Lake Wilderness Study Area (NV-020-007), approximately 5 mi east-southeast of this study area (Neumann and Close, 1985) .
The study area has a moderate resource potential for mercury, gold, and silver in epithermal-type deposits, certainty level C. Zeolite-bearing rocks and the anomalous concentrations of mercury, arsenic, antimony, and molybdenum found in the Yellow Rock Canyon area indicate that hydrothermal systems have been active in the past. Moreover, an epithermal-type gold deposit at the Hog Ranch mine, located approximately 15 mi south of the study area, indicates that hydrothermal mineralization has occurred in the region. Ring-fracture structures along the postulated caldera of Plouff (1984) could have provided conduits for hydrothermal fluids.
At McDermitt, Nev., about 60 mi to the east-northeast, a caldera is the site of uranium and extensive mercury deposits (Rytuba, 1975) . In addition, lithium occurrences are also found in zones of zeolitization at McDermitt, Nev. (Rytuba andGlanzman, 1979) . This evidence suggests a low resource potential for lithium, certainty level B, for the High Rock Canyon study area. There is also a moderate resource potential for epithermal-type gold, silver, and mercury deposits, certainty level C, and a low resource potential for zeolite, certainty level B, near the southern tip of the study area.
The High Rock Canyon study area has a low resource potential for uranium, certainty level C, as suggested by the geochemical and radiometric data. Only four uranium prospects have been reported from northern Washoe County (Garside, 1973) .
Oil and gas resource potential for the study area is low, certainty level D. Because of the extensive Miocene volcanic activity, the area is too thermally mature to have formed any hydrocarbon reserves (Sandberg, 1983) .
There are no known geothermal production leases or hot springs within the study area. However, the Soldier Meadow KGRA (Known Geothermal Resource Area) and the Double Hot Springs KGRA are within 5 and 18 mi, respectively. Given the lack of field evidence for the necessary hydrologic conditions to form hot springs within the High Rock Canyon study area, the geothermal resource potential for the study area is low, certainty level B.
GEOLOGIC TIME CHART Terms and boundary ages used by the U.S. Geological Survey in this report Informal time term without specific rank.
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